In the midwestern United States, grassland habitat is fragmented by row-crop agriculture and urbanization. In spring and early summer, grassland animals facing a decision to either enter a fallow crop field or detour around it likely balance trade-offs between predation risk and travel costs, similar to forest animals encountering a clearcut. We tested if Franklin's ground squirrel (Poliocitellus franklinii), a grassland mammal, based gap-crossing decisions on lengths of alternate movement routes or on energetic constraints by translocating radiocollared adult squirrels across crop fields and tracking their routes home. Giving-up densities of food resources from a field experiment indicated that Franklin's ground squirrels perceived a higher risk of predation in crop fields than in grass, but squirrels did not appear to compensate for risk by adjusting travel speed through crop fields. Body mass was the only predictor of gap crossing; lighter squirrels were more likely than heavier squirrels to cross crop fields. Squirrels did not appear to base gap-crossing decisions on detour efficiency (distance across gap divided by distance of detour). Additionally, likelihood of homing within 24 h of release decreased with increasing crossing distance. The importance of body mass in gap-crossing decisions by Franklin's ground squirrels suggests that movements through heterogeneous landscapes are partly explained by trade-offs between predation risk and energetic constraints.
Functional connectivity for a species is influenced by both the likelihood of an individual entering matrix habitat and the likelihood of successfully reaching new suitable habitat once in the matrix (Ewers and Didham 2006; Kuefler et al. 2010) . Individuals faced with a decision of entering matrix habitat or detouring around it balance trade-offs between predation risk and energetic cost of travel (Zollner and Lima 2005) . Speciesspecific characteristics such as perceptual capabilities or antipredatory behaviors (Zollner 2000; Zollner and Lima 2005) , as well as situation-specific factors such as matrix vegetation, illumination, or wind speed (Flaherty et al. 2008; Prevedello and Vieira 2010; Zollner and Lima 1999 ) may affect how a species balances trade-offs. Nevertheless, general relationships determining movement through heterogeneous landscapes are likely (Wiens et al. 1993) . Some behavioral trade-offs are well documented, such as the inverse relationship between predation risk and foraging profitability for small animals in open versus dense vegetation (Brown 1988; Kotler and Blaustein 1995; Lima and Dill 1990) . Few studies, however, examine how such trade-offs influence long-distance movement through heterogeneous landscapes (Bélisle and Desrochers 2002; Lima and Zollner 1996) . Zollner and Lima (2005) used simulation models to investigate trade-offs between vigilance, foraging, and speed of movement faced by individuals dispersing through patchy landscapes. Dispersal success was greatest for individuals with high energy reserves that slowed to be vigilant, but because individuals with low reserves could not afford to slow, their success was greatest w w w . m a m m a l o g y . o r g 1231 when they moved as quickly as possible (Zollner and Lima 2005) . In addition, if options for reducing risk of predation while traveling through high-risk habitat are limited (e.g., no cover is available), individuals should minimize risk by traveling at faster speeds than in less-risky habitats (Zollner and Lima 2005) . Empirical data from a growing number of studies support these predictions (Bakker and Van Vuren 2004; Kuefler et al. 2010; Rizkalla and Swihart 2007; Vásquez et al. 2002) .
Researchers have studied movement decisions by tracking individuals induced to cross gaps in fragmented habitat by either displacement (Bakker and Van Vuren 2004; Bélisle and Desrochers 2002; Bowman and Fahrig 2002) or playback calls (Creegan and Osborne 2005; Robertson and Radford 2009) . Gap-crossing experiments are useful for examining movement trade-offs because researchers can replicate and standardize motivation for movement, distance to a destination, and landscape composition and configuration between release site and destination (Bélisle et al. 2001; Bright 1998; Mauritzen et al. 1999) . A disadvantage of this method, however, is that researchers must assume movement decisions made by individuals induced to cross a gap are similar to those made during natural movements through a heterogeneous landscape.
Studies of gap crossing indicate that individuals displaced across gaps in forest can balance long detour distances around gaps with the risk of a shortcut through a gap by crossing gaps when detour efficiency (crossing distance divided by detour distance) is low (Bakker and Van Vuren 2004; Bélisle and Desrochers 2002) . Bakker and Van Vuren (2004) also found that adult red squirrels (Tamiasciurus hudsonicus) with low body mass were more likely to cross gaps in forest for any given detour efficiency than were heavier squirrels, possibly to avoid being chased or attacked by heavier conspecifics in forest habitat. Alternatively, low energy reserves may have forced riskier behavior (i.e., increased exposure to predators while crossing a gap), as predicted by Zollner and Lima (2005) . Determining if a trade-off between body condition and risky movement is a generality will require investigations of additional species in varied habitats.
Studies of gap-crossing behavior have focused on forestdwelling animals (e.g., Bakker and Van Vuren 2004; Bélisle and Desrochers 2002) . In the midwestern United States, grassland habitat has been greatly reduced and severely fragmented by row-crop agriculture and urbanization (Samson and Knopf 1994) . Remnant grasslands occur as prairie reserves and as linear stretches along roadsides and railroad rights-ofway within a mosaic of crop fields . Connectivity between patches of grassland habitat is likely low for many species including those of conservation concern (Samson and Knopf 1994) . Empirical data on gap-crossing behavior by grassland species are needed to manage for connectivity and to test the generality of movement trade-offs in heterogeneous landscapes.
We tested if gap-crossing decisions and homing success by Franklin's ground squirrels (Poliocitellus franklinii; formerly Spermophilus franklinii-Helgen et al. 2009) translocated across crop fields resulted from trade-offs between travel cost and predation risk. Franklin's ground squirrels inhabit areas with tall, dense grasses and occur at low densities in the Midwest (Hofmann 2008) . The species is listed as endangered in Indiana (Indiana Department of Natural Resources 2011) , threatened in Illinois (Illinois Endangered Species Protection Board 2011) , imperiled in Missouri and Wisconsin, and rare in Iowa (Pergams et al. 2008) . Grassland patches occupied by Franklin's ground squirrels are typically inhabited by 20 adult squirrels (Martin and Heske 2004; Martin et al. 2003) and are presumed subpopulations linked by dispersal. Indeed, a study of occupancy dynamics for Franklin's ground squirrels demonstrated that site occupancy was related positively to connectivity, and local extinction was related negatively to connectivity . As with other species of ground squirrels, male-biased dispersal is undertaken by juveniles in late summer and early autumn during their 1st year of life (Martin and Heske 2005; Murie and Michener 1984) . Crops are typically at full height during dispersal, and both movements of radiomarked juveniles (Martin and Heske 2005) and predictions of site occupancy using least-cost modeling suggest that movement occurs through agricultural habitat. However, crop fields are unplanted in spring when adults emerge from hibernation, establish home ranges, and search for mates. Thus, in spring and early summer, individuals facing a decision to either enter a fallow crop field or detour around it likely balance trade-offs similar to forest animals encountering a clear-cut. We therefore assessed potential predictors for the likelihood of adult squirrels crossing crop fields and successfully homing in spring and early summer. Predictors included traits inherent to individuals (sex and body mass) and aspects of landscape structure (e.g., crossing distance, detour efficiency, and crop height).
We expected that Franklin's ground squirrels would perceive a higher risk of predation in open crop fields than in grass habitat, and differences in perceived risk would create a tradeoff for translocated squirrels between traveling through highrisk crop fields or taking an energetically more costly detour around crop fields to return home. We tested 2 hypotheses. First, we tested the hypothesis that squirrels base gap-crossing decisions on lengths of alternate movement routes. If squirrels balance predation risk versus travel cost in gap-crossing decisions, then likelihood of crossing a high-risk crop field should increase when detour efficiency is low. Second, we tested the hypothesis that squirrels base gap-crossing decisions on energetic constraints. If energetic cost is the primary factor in decisions to cross risky habitat, then likelihood of crossing a crop field should increase if body condition of an individual is low. Because evaluation of physical condition would have required sedating individuals of a state-threatened species, we measured body mass without anesthetization as a proxy for body condition (see Bakker and Van Vuren 2004) . We gathered supporting evidence for the role of perceived risk of predation in gap-crossing decisions by testing if both perceived risk and travel speed were greater in crop fields than in grass habitat. Last, to determine if Franklin's ground squirrels experienced a threshold distance at which individuals were unable to navigate home, we examined the relationship between crossing distance and homing. A threshold might indicate a distance at which functional connectivity for Franklin's ground squirrels, and likelihood of metapopulation persistence, would decrease.
MATERIALS AND METHODS
Field crossing and homing.-From April to July 2010, we livetrapped Franklin's ground squirrels at 2 locations: restored prairie habitat in the Barnhart Prairie Nature Preserve in Champaign County, Illinois, and remnant prairie along railroad rights-of-way in Vermilion County, Illinois. Both locations were situated within agricultural landscapes and surrounded by a mosaic of corn and soybean fields, farm lots, and low-traffic roads. Unmowed cool-season grasses, dominated by smooth brome (Bromus inermis), bordered crop fields and roads. We set Tomahawk live traps (model 202; Tomahawk Live Trap, Tomahawk, Wisconsin) baited with peanut butter and sunflower seeds in prairie habitat and unmowed grasses within 100 m of corn and soybean crop fields. Trap number and spacing varied according to shape and extent of grassland habitat and locations of ground squirrel burrows. We set traps before 0800 h, checked traps at 2-h intervals, and closed traps for the day by 1300 h. We covered traps with vegetation to protect captured squirrels from sun and shut traps during rain. Upon capture, we released individuals into a cloth bag and handled them with gloved hands. We recorded sex, reproductive condition (descended testes for males; palpable embryos or lactating for females), and mass of each captured individual in 2.5-g increments using a 600-g Pesola spring scale (Pesola AG, Baar, Switzerland). We radiocollared squirrels weighing .250 g using transmitters with activity switches (model M 1540; Advanced Telemetry Systems Inc., Isanti, Minnesota) mounted on plastic cable ties. Collars each weighed 4.5 g and never exceeded 2% of body mass. Procedures followed guidelines approved by the American Society of Mammalogists (Sikes et al. 2011) and were approved by the University of Illinois Institutional Animal Care and Use Committee.
To test if Franklin's ground squirrels make gap-crossing decisions based on trade-offs between travel cost and predation risk, we translocated radiomarked, adult squirrels across crop fields to unmowed grass habitat located 87-1,527 m (X ¼ 470 m 6 51 SE) away from centers of home ranges (Fig. 1) . During the study, we depended on capture locations of squirrels rather than home ranges to estimate translocation distances. Recording of telemetry locations for home-range estimation at that time was constrained by trapping and translocation activities, driving between study sites in 2 counties, and the need to conduct experimental translocations while crops were still short. Following completion of translocations, we estimated home ranges with a 100% minimum convex polygon model using Hawth's Analysis Tools for ArcGIS (Beyer 2004 ) based on an average of 16 telemetry locations (range ¼ 5-25 locations) obtained from April to August 2010 by signal homing using a receiver and handheld 3-element yagi antenna. The number of locations was fewer than typically used to estimate home-range size (.30-Seaman et al. 1999; Wauters et al. 2007 ), but adequate for identifying areas to which we expected squirrels to home. We calculated home-range centers as geometric centers of minimum convex polygons.
We translocated 17 individuals (8 males and 9 females) during 33 trials, releasing each squirrel between 1100 and 1530 h. Given the rarity of Franklin's ground squirrels in Illinois, as well as logistical constraints of the study, we were unable to increase sample size with additional study sites and instead conducted repeated trials on individuals. We translocated 4 squirrels once, 10 squirrels twice, and 3 squirrels 3 times. Squirrels translocated more than once typically were taken to different release points on nonconsecutive days (1 squirrel experienced 2 translocations from the same release point separated by 16 days and 1 squirrel was translocated on 2 consecutive days). Female squirrels were not translocated if obviously pregnant (palpable embryos) or lactating. We conducted 26 translocations across soybean fields and 7 translocations across corn fields. Although travel speeds of forest rodents can differ between soybean and corn fields (Rizkalla and Swihart 2007) , we conducted all translocations when crop heights were low (45 cm) and vegetative cover was sparse, and we assumed movements of Franklin's ground squirrels would vary little with type of crop at these heights. Researchers transported each squirrel in a Tomahawk live trap while walking across a crop field in a straight line from capture to release locations. We assume squirrels establishing territories and searching for mates following emergence in spring accumulate information about their surroundings during exploratory movements. Thus, during transport, the trap containing the squirrel was held above the researcher's head to provide visual information about location and potential routes home. To decrease the probability that squirrels were provided with scent information about potential routes home, we did not repeat use of release sites until after rain. At the release site, we attached a 200-m tracking spool (Bakker and Van Vuren 2004) between the shoulder blades of the squirrel using cyanoacrylate glue and placed the squirrel in a transparent plastic bin (28 3 34 3 28 cm). The bin was placed with its lid on the ground and its base attached with rope to a frame with a pulley system made of polyvinyl chloride tubing. To release the squirrel, a researcher standing 10 m from the release location in the direction opposite the squirrel's capture location pulled the rope through the pulley system, raising the bin 0.5 m above the ground while leaving the lid and squirrel on the ground. Squirrels were able to move in any direction upon release and seemed unaffected by the presence of the researcher, in some cases initially moving directly toward the researcher.
We determined homing routes by tracking spool traces and with telemetry by 2 or 3 researchers simultaneously recording their locations with global positioning systems and azimuths to squirrels at 3-min intervals. Excepting at the release location, researchers stood 300-600 m from the release location, avoiding potential crossing and detour routes. We saw no indication of researchers influencing movements of squirrels. Telemetry locations were estimated with bi-and triangulation using LOAS 4.0 (Ecological Software Solutions LLC, Hegymagas, Hungary). When 3 bearings were available, we used the maximum likelihood estimator and calculated error ellipses using the corrected F distribution and a 95% confidence interval, as well as angular error between bearings and estimated locations. When only 2 bearings were available, or we were unable to estimate a location using the maximum likelihood estimator, we used the best biangulation estimator and calculated angular error. We rejected triangulations with values of error in the top decile of the error distribution (error ellipse areas 10 ha and angular error averaged for 2 or 3 bearings 508). The remaining triangulations had an average error ellipse area of 1.2 ha, and the average angular error was 158. These errors were similar to average error ellipse area (0.9 ha) and average angular error (178) for triangulated locations of 8 radiotransmitters hidden in crop fields by an independent researcher. Average distance between hidden transmitters and triangulated locations was 13 m (SE ¼ 3 m), excluding 1 outlier of 294 m. Because 1 researcher always conducted telemetry from the well-defined edge between grass habitat and crop field, we were confident of our ability to identify the habitat within which an individual was moving. We used spool traces to confirm initial direction and habitat through which squirrels moved, but because spools were lost or removed from squirrels after short travel distances (X ¼ 50 m 6 7 SE), we did not examine tortuosity of movements.
Potential predictors of field crossing and homing (defined as returning to a home range within 24 h of translocation release) included Julian date, location (Champaign County versus Vermilion County), sex, body mass on date of translocation, crossing distance, and detour efficiency (crossing distance/ detour distance; range ¼ 0.36-1.0). We used ArcGIS 9.2 (ESRI, Redlands, California) to measure crossing and detour distances (shortest distance from release point to center of home range avoiding crop field). Additionally, we estimated mean crop height during each translocation and included it as a predictor in models, because increases in crop height could decrease perceived risk of predation for crop fields. Prior to model construction, we examined a Pearson correlation coefficient (r) matrix for potential collinearity between predictors, and predictors with r . 0.6 were not included together in models (Graham 2003) . We used generalized linear mixed models (GLIMMIX procedure, SAS 9.2; SAS Institute Inc., Cary, North Carolina) to test which predictors significantly influenced field crossing and homing. The GLIMMIX procedure models normal and nonnormal data with correlated responses. We used a binomial distribution and logit link function for both response variables. Trial (1st, 2nd, and 3rd translocation of squirrel) was included as an R-side (residual) effect, and we modeled the covariance structure using variance components. An R-side effect is equivalent to a repeatedmeasures effect, but the GLIMMIX procedure does not provide type III (analysis of variance) estimates for variance components. Thus, we accounted for within-subject correlations in our analysis, but we did not test for the significance of trial. We estimated degrees of freedom for F-tests using the KenwardRoger method to suppress inflation of type 1 error (Kenward and Roger 1997) . Because of our moderate sample size, we considered predictors significant at P , 0.1 for these analyses and all described hereafter. We report all mean values with standard error.
Perceived predation risk.-We measured giving-up density (GUD -Brown 1988) to test if perceived risk of predation by Franklin's ground squirrels was greater in crop fields, where cover from predators was minimal, than in tall grasses (prairie and unmowed grass .45 cm high). GUD is the amount of resources remaining in a depletable resource patch after a set period of time that includes foraging (i.e., density of resources remaining when a forager ''gives up''). When multiple patches of similar size and food resources are available to a forager, GUD increases with perceived risk of predation (Brown 1988) .
To measure GUD, we used experimental food patches consisting of plastic nursery trays (55 3 28 3 6 cm) holding 50 shelled peanuts mixed into 4 liters of commercial sand. We used peanuts to allow foraging by Franklin's ground squirrels, but to discourage foraging by birds. Each day after sunrise, we provisioned trays with 50 peanuts and left trays open to foraging during the day. Between 1700 and 1800 h, we sieved and counted peanuts remaining in each tray to determine daily GUD for each patch. We covered trays with lids overnight to prevent accumulation of moisture in the sand. We created 5 stations at our study site in Champaign County, each 100-800 m apart. At each station, we placed 1 food patch in tall grasses 3 m from a grass-crop-field edge and a 2nd food patch in the adjacent crop field 3 m from the same edge. At these distances, individuals may have occasionally encountered multiple stations, but they could easily encounter both food patches within a station (Morgan et al. 1997 ). We did not observe diurnal mammalian foragers other than Franklin's ground squirrels near stations; however, we captured 1 eastern gray squirrel (Sciurus carolinensis) near a station. We observed no evidence of birds using our stations. We ran GUD stations in 5-to 6-day sessions; days were consecutive when rain did not occur. Three of 5 stations were run for a session in early June 2010, and all 5 stations were run for a session in early July 2010.
We used the GLIMMIX procedure to test if GUD differed between tall-grass and crop-field habitats and included day as an R-side effect. We also tested if GUD differed among stations and if there was an interactive effect between habitat and stations. We used a normal distribution and an identity link. We modeled the covariance structure using variance components and estimated degrees of freedom using the Kenward-Roger method.
Travel speed.-To test if travel speed was greater in crop fields than in tall-grass habitat, we used Hawth's Analysis Tools (Beyer 2004 ) in ArcGIS 9.2 to create movement paths from triangulated locations, excluding triangulations associated with the top decile of error values, and determined the habitat in which each triangulated location occurred. When 2 consecutive locations occurred in 1 type of habitat, we estimated speed of travel through the habitat by dividing net distance traveled between the 1st and last location by the time recorded between triangulations. We excluded the first 3-min time interval and any extended latency period (i.e., ,20 m moved between triangulated locations-Bakker and Van Vuren 2004)-following release. By using net distance to calculate travel speed, we included pauses in travel used for antipredatory behavior, orientation, or physiological recovery, as well as changes in direction of movement associated with a search strategy. When a squirrel had multiple bouts of travel within a habitat type during a translocation, we averaged estimates across bouts.
We used the GLIMMIX procedure to test if travel speeds differed between tall-grass and crop-field habitats, as well as with sex or trial. Short distances (300-600 m) between researchers conducting telemetry resulted in moderate levels of error for triangulated locations of squirrels during translocations (see above). After censoring latency periods and locations with high error, we were able to calculate travel speeds for 14 of 33 translocations. Data included travel speed for repeated translocations on only 4 individuals. Rather than use repeated measures, we included travel speeds for the earliest translocation of each individual and included trial number as a predictor, because the earliest translocation of each individual was not always the 1st trial, because of censoring. Ten of these translocations included estimates of travel speeds in both tall-grass and crop-field habitats. We therefore included individual identification as an R-side effect. The distribution of travel speeds was positively skewed, so we used a gamma distribution with a log link. We modeled the covariance structure using variance components and estimated degrees of freedom using the Kenward-Roger method.
RESULTS
Field crossing and homing.-Squirrels crossed a crop field in 7 (21%) of 33 translocations (22 in Champaign County and 11 in Vermilion County). One squirrel began detouring around a crop field, moving 130 m through roadside grasses before traveling 240 m across the field; because that individual traveled nearly twice as far while crossing than detouring, we classified the trial as a field crossing. Of the 13 squirrels used in repeated trials, 8 detoured during all 2 or 3 trials, 1 crossed during both of 2 trials, 2 detoured in 1st trials and crossed during later trials, and 2 crossed in 1st trials and detoured during later trials. Overall, the probability of gap crossing was similar for 1st trials (23%, n ¼ 13) and later trials (19%, n ¼ 16). Squirrels homed in 28 (85%) of 33 translocations. Six (86%) of 7 trials in which squirrels crossed a crop field resulted in homing, and 22 (85%) of 26 trials in which squirrels detoured resulted in homing. Of the 5 failures to home, 2 occurred during the 1st trial for an individual and 3 during a 2nd trial; no individual failed to home more than once. We livetrapped squirrels that did not home and returned them to their original capture sites.
Julian date was strongly correlated with both body mass of squirrels (r ¼ 0.62) and crop height (r ¼ 0.92). Therefore, we excluded Julian date as a predictor variable in our models examining field crossing and homing, but included location, sex, body mass, crossing distance, detour efficiency, and crop height. Body mass was the only predictor of field crossing (F 1,27 ¼ 3.45, P ¼ 0.074; Fig. 2) ; squirrels that crossed fields were lighter (X ¼ 397 6 38 g, n ¼ 7) than squirrels that detoured (X ¼ 454 6 9 g, n ¼ 26). Crossing distance was the only predictor of homing (F 1,27 ¼ 3.88, P ¼ 0.059; Fig. 3) ; squirrels that homed were translocated shorter distances (X ¼ 433 6 56 m, n ¼ 28) than squirrels that did not reach home (X ¼ 676 6 89 m, n ¼ 5).
Perceived predation risk.-Giving-up density was greater in crop fields (X ¼ 31.8 6 2.9 peanuts/patch) than in tall grasses (X ¼ 12.6 6 2.3 peanuts/patch; F 1,82 ¼ 27.02, P , 0.001; Fig.  4 ). GUD also varied among stations (F 4,82 ¼ 8.41, P , 0.001) but there was no interaction between habitat and station (F 4,82 ¼ 0.21, P . 0.932). Two patches in crop fields might not have been visited during a session (all peanuts remained in a patch 5 days). To separate results due to perceived predation risk from those due to nonvisitation, we analyzed a reduced data set with patches without visitation removed. GUD again was greater in crop fields (X ¼ 26.6 6 3.4 peanuts/patch) than in tall grasses (X ¼ 11.8 6 2.6 peanuts/patch; F 1,70 ¼ 16.69, P , 0.001) and varied among stations (F 4,70 ¼ 9.71, P , 0.001).
Travel speed.-Travel speeds in crop fields averaged 8.5 6 2.8 m/min, whereas travel speeds in grass averaged 5.3 6 1.6 m/min, but the difference was not significant (F 1,19 ¼ 0.58, P . 0.454). Travel speed did not vary predictably with sex (F 1,19 ¼ 0.29, P . 0.594). Travel speed differed between trials (F 1,19 ¼ 5.76, P . 0.027), however, with individuals moving slower during 1st trials (X ¼ 3.1 6 0.8 m/min, n ¼ 13) than during later trials (X ¼ 11.4 6 2.6 m/min, n ¼ 10).
DISCUSSION
Grassland habitats occupied by Franklin's ground squirrels in the midwestern United States exist as highly fragmented patches in an agriculturally dominated landscape. In spring and early summer, crop fields harbor little vegetative cover and act as inhospitable matrix. Responses by adult Franklin's ground squirrels to this open habitat are analogous to responses by forest-dwelling species to clear-cuts; examination of our GUD data indicated that Franklin's ground squirrels perceived a higher risk of predation in crop fields than in grass, and translocations demonstrated that most squirrels chose detours around crop fields when homing. Squirrels did not appear to base gap-crossing decisions on detour efficiency, but rather on trade-offs between predation risk and energetic constraints. Despite a perception of increased predation risk for crop fields, squirrels did not adjust travel speed to compensate for this risk when traveling through fields.
Lack of support for the hypothesis that Franklin's ground squirrels base gap-crossing decisions on detour efficiency contrasts with studies on gap crossing by forest-dwelling birds and mammals (Bakker and Van Vuren 2004; Bélisle and Desrochers 2002; Bélisle et al. 2001; Desrochers and Hannon 1997; St. Clair et al. 1998) . Only animals with a large perceptual range are likely to have the capacity to compare movement routes before selecting one (Bakker and Van Vuren 2004; Lima and Zollner 1996) . Although the relatively large body size of Franklin's ground squirrels (340-800 gHofmann 2008 ) suggests a large perceptual range (Kiltie 2000; Mech and Zollner 2002) , burrowing habits and preference for dense vegetation may render Franklin's ground squirrels unable, or unaccustomed, to using visual information as provided in this study to compare movement routes. However, observations of spool traces suggested that squirrels oriented along either a crossing or detour route within the first 50 m of travel. Further, squirrels reached their home ranges within 24 h in 85% of translocations. Thus, squirrels likely were selecting movement routes to return home, even if they did not base route selection on detour efficiency.
The importance of body mass in gap-crossing decisions by both Franklin's ground squirrels and red squirrels (Bakker and Van Vuren 2004) hints at a general pattern in which sciurid movements through heterogeneous landscapes are partly explained by trade-offs between predation risk and energetic constraints (Zollner and Lima 2005) . Whereas increases in body size and mass can improve perceptual ability and thus influence movement decisions (Forero-Medina and Vieira 2009; Mech and Zollner 2002) , we likely transported squirrels distances beyond their perceptual range during most translocations (Mech and Zollner 2002) . Instead, we suggest that Franklin's ground squirrels generally risked shortcuts across crop fields when potentially limited by energy reserves (i.e., low body mass). We did not evaluate actual physical condition such as ratios of body mass to length, which would have required sedating squirrels for handling. The lightest individuals in our study could have been in the poorest condition or may have been the youngest squirrels. Effects of condition and age on gap-crossing decisions by Franklin's ground squirrels deserve closer examination. In addition, overwinter mass loss can be 44% of summer body mass for Franklin's ground squirrels (Murie 1973) ; thus energetic constraints might especially affect movement decisions immediately following emergence (when we began translocations), before squirrels replenish energetic reserves consumed during hibernation. Indeed, we expect effects of energetic constraints on movement decisions to vary not only with season, but also with motivation. Individuals establishing territories and searching for mating opportunities may not be as motivated to cross gaps as individuals homing after translocation. Furthermore, individuals facing multiple gap-crossing decisions while traveling through a heterogeneous environment may balance energetic trade-offs differently than individuals making a single homing movement. Future research should investigate the generality of trade-offs between body condition and risky movement, as well as how such trade-offs influence movement decisions by species that undergo periods of severe energy constraints.
Similar to Bakker and Van Vuren (2004) , we detected small differences in travel speed by squirrels in high-risk versus lowrisk habitats. Bakker and Van Vuren (2004) found that red squirrels tended to move at slower travel speeds while crossing clear-cuts than while detouring through forest, possibly because dense shrubs and herbs in clear-cuts impeded movement (Schooley et al. 1996) or obstructed detection of predators and stimulated vigilance behavior (Sharpe and Van Horne 1998) . In our study, however, cover in crop fields was minimal to nonexistent. Thus, we expected Franklin's ground squirrels to compensate for risk in crop fields by increasing travel speed, similar to other organisms traveling through open habitats that are risky or lack resources (Kuefler et al. 2010; Rizkalla and Swihart 2007; Vásquez et al. 2002) . However, we found only a minimal increase in travel speed by Franklin's ground squirrels in crop fields relative to grass habitat. Travel speeds were faster during later trials than during 1st trials. Although we found no relationship between trial and movement route, increased travel speed during repeated trials suggests that learning, or familiarity with long-distance travel, can affect how individuals move through a heterogeneous landscape.
For sciurids, homing success decreases with increased translocation distance (Bovet 1984; Sawyer and Rose 1985; Smith et al. 2011; Van Vuren et al. 1997) . Not surprisingly, likelihood of Franklin's ground squirrels homing within 24 h of translocation decreased with increasing crossing distance. However, this result appears driven by the high success rate after short translocations rather than failure of squirrels translocated longer distances to home (Fig. 3) . Interestingly, the individual translocated the longest crossing distance in our study (1,527 m) homed within 24 h in Vermilion County. This individual had previously homed a distance of 987 m and may have been adept at long-distance travel. Alternatively, interception effects (Gutzwiller and Anderson 1992) may have played a role in homing success. In contrast to home ranges found in contiguous prairie in Champaign County, home ranges along the linear railroad habitat in Vermilion County were long and thin and likely to be intercepted by a traveling animal. Configuration of habitat patches might be an important predictor of dispersal success in this highly linearized landscape. Indeed, Schippers et al. (2009) used simulation models to demonstrate that linear elements in an agricultural landscape could intercept and guide dispersing woodland birds between habitat patches, increasing connectivity and metapopulation persistence.
For animals living in agricultural landscapes, connectivity can vary with orientation of crop rows and seasonal changes in crop height (Goheen et al. 2003; Prevedello and Vieira 2010; Rizkalla and Swihart 2007) . Whereas long-distance movements of Franklin's ground squirrels are typically thought to occur via juvenile dispersal in autumn when crop heights and connectivity are at a maximum, this may not always be true. In 2010, we radiotracked 21 juvenile male Franklin's ground squirrels in Champaign County (Duggan 2011) . Whereas Martin and Heske (2004) found that juvenile male Franklin's ground squirrels traveled 614-3,632 m before immergence, we tracked only 1 movement by a juvenile .700 m before immergence, suggesting an that unknown factor repressed juvenile dispersal during autumn 2010. Long-distance movements by overwintered adults in the spring might play a role in maintaining demographic and genetic stability of Franklin's ground squirrel populations. The importance of long-distance breeding forays in reducing inbreeding has been documented for philopatric populations of banner-tailed kangaroo rats (Dipodomys spectabilis- Winters and Waser 2003) .
Our study demonstrates how loss and fragmentation of grassland habitat have shaped variation in predation risk and travel costs across agriculturally dominated landscapes, and thus the trade-offs on which Franklin's ground squirrels base movement decisions. Combined with previous research on gap crossing by sciurids (Bakker and Van Vuren 2004) , our results suggest that the trade-off between predation risk and energetic constraints may be a general relationship affecting movements of sciurids. Identifying rules of thumb that govern movements of a species through heterogeneous landscapes may improve our understanding of functional connectivity and guide use of appropriate strategies for conservation and management (Crooks and Sanjayan 2006; Hilty et al. 2006) . High homing success by translocated squirrels suggests that Franklin's ground squirrels can be adept at moving across an agricultural landscape, but the low frequency of field crossing cautions that fallow fields in early spring may be areas of high predation risk that inhibit movements and gene flow during the mating season. However, Franklin's ground squirrels will inhabit linear habitats and use them as routes of travel, and if travel costs are not too high, simple actions such as reducing mowing of grasses along linear roads and railways could increase use of linear elements and increase connectivity for Franklin's ground squirrels.
